Herpes simplex virus (HSV) establishes latent infection in the sensory neuron and possibly in non-neuronal tissue, particularly the cornea. During latency only one region of the HSV genome is transcribed, producing RNAs known as latency associated transcripts (LAT). The gene for LAT overlaps with the HSV gene for the protein ICPO in the downstream regions of both genes. Latency can occur in the absence of LAT. This study reports the detection of ICPO/LAT and thymidine kinase (TK) gene fragments by the polymerase chain reaction in DNA extracted from the corneas and trigeminal ganglia of latently infected rabbits. Both genes were detected in four of four trigeminal ganglia tested and in three of five corneas tested. More importantly, this study reports the first detection of LAT in RNA extracted from 9% of corneas from latently infected rabbits (n=22) by the polymerase chain reaction. LAT was detected in RNA from 100% of the corresponding trigeminal ganglia (n=22). Although LAT is not essential for latency, it remains the only known molecular marker for latent HSV infections. Detection of LAT in these rabbit corneas suggests that HSV latency may occur in this non-neuronal tissue and that reactivation from non-neuronal tissue may occur at a low frequency in animals in which HSV latency has been established. 
Abstract
Herpes simplex virus (HSV) establishes latent infection in the sensory neuron and possibly in non-neuronal tissue, particularly the cornea. During latency only one region of the HSV genome is transcribed, producing RNAs known as latency associated transcripts (LAT). The gene for LAT overlaps with the HSV gene for the protein ICPO in the downstream regions of both genes. Latency can occur in the absence of LAT. This study reports the detection of ICPO/LAT and thymidine kinase (TK) gene fragments by the polymerase chain reaction in DNA extracted from the corneas and trigeminal ganglia of latently infected rabbits. Both genes were detected in four of four trigeminal ganglia tested and in three of five corneas tested. More importantly, this study reports the first detection of LAT in RNA extracted from 9% of corneas from latently infected rabbits (n=22) by the polymerase chain reaction. LAT was detected in RNA from 100% of the corresponding trigeminal ganglia (n=22). Although LAT is not essential for latency, it remains the only known molecular marker for latent HSV infections. Detection of LAT in these rabbit corneas suggests that HSV latency may occur in this non-neuronal tissue and that reactivation from non-neuronal tissue may occur at a low frequency in animals in which HSV latency has been established. The sensory neuron is acknowledged as the principal site for HSV latency,'-4 but other neural tissue, specifically the autonomic ganglia, also harbour latent HSV.5 Before a herpetic infection can be described as latent in a particular target tissue by the operational definition6 two conditions must be met: (1) at the time the host animal is killed, cell-free infectious virus must not be detectable ( (Fig 1) . The rabbits were used for DNA analysis (Table 1) . Twenty-two corneas and 22 trigeminal ganglia from 11 rabbits with latent HSV-1 were subjected to RNA extraction (Table 2 ). DNA and RNA were extracted from the corneas and trigeminal ganglia of mock-infected and HSV-1 acutely infected rabbits and used as controls (Table 1 , 2).
Results

OCULAR SWABBING AND SLIT-LAMP EXAMINATION AT DEATH
With the exception of the acutely infected rabbits, no rabbit had an active herpetic infection when killed as shown by epithelial ulceration. HSV was detected only in the tear film of the acutely infected control rabbits immediately before death and not in the tear film of any of the HSV-1 latent rabbits, which were killed between days 41 and 147 post inoculation. One of the five corneas in the group of DNA extractions had scarring in more than two quadrants. Five corneas (three rabbits) of the 22 eyes in the group of RNA extractions had dense scarring in two or more quadrants.
DNA POLYMERASE CHAIN REACTION
With previously described intragenic primers with characterised products for the TK and ICPO genes3435 and polymerase chain reaction detected HSV-1 DNA sequences for the thymidine kinase (110 bp) and ICPO genes (195 bp) in all four ganglia from latent rabbits analysed (Fig 2, lanes 4, 5, 8, 9 ). The corresponding trigeminal ganglion from one rabbit (J67) was not available for use in this study. With the same 0-w.; Figure 3 Lanes 1, 18 marker 0X174 RF DNA; lanes 2-5 right cornea 954; lanes 6-9 right trigeminalganglion 954; lanes 10 Latency-associated transcripts in corneas and ganglia ofHSV-I infected rabbits intragenic primers the TK and ICPO genes were detected by polymerase chain reaction in three of the five corneas studied: J67 right (not shown in Fig 2) ; 1421 right and left. No TK or ICPO genes were detected in either cornea of rabbit J56 despite positive results from the trigeminal ganglia (Fig 2, lanes 2 and 3, 6 and 7) . The PCR failed to detect HSV sequences in two mockinfected corneas and the two corresponding trigeminal ganglia (Fig 2, lanes 10-13) . TK and ICPO genes were detectable by PCR in DNA extracted from both corneas and both trigeminal ganglia of an acutely infected rabbit sacriaced on day 5 post inoculation (Fig 2, lanes 14-17) .
Additional bands smaller than the predicted PCR products are evident (Fig 2, lanes 4, 6, 7 , 10, 12, and 13). These may represent incomplete primer extension products or an area of partial homology between the primers and the host genome. Previous sequence analysis of a 300 bp PCR product obtained with the same ICPO/ LAT primers revealed homology with only the oligonucleotide primers.35 RNA 
POLYMERASE CHAIN REACTION
LAT was detected in all 22 trigeminal ganglia from HSV-1 latent rabbits by PCR on cDNA after addition of the downstream LAT primer (Fig 3, lane 6 ) during the reverse transcriptase reaction. In contrast, detection of LAT in rabbit corneas after the above procedure was limited, with only two positives from 22 corneas analysed (9%) (Fig 3, lane 2) . The two positive results were obtained from the same rabbit (no 954), which was killed on day 41 post inoculation. Interestingly, both corneas were scarred. The PCR performed on cDNA which had the upstream LAT primer was negative (Fig 3, lane   3) . The PCR performed on the RNA sample without a reverse transcription reaction was also negative (Fig 3, lane 4) . These two negative results controlled for the presence of contaminating cDNA. Thus the detection of LAT is attributable solely to the presence of antisense RNA in the extracted tissue. Similar control results were also obtained for the latently infected trigeminal ganglia (Fig 2, lanes 7, 8) . In each PCR run, appropriate positive (HSV-infected) and negative (mock-infected) controls were included.
The two corneal specimens positive for LAT (no 954) were also assessed for the presence of TK transcripts using a reverse transcriptase procedure followed by PCR. TK transcripts were not detectable (Fig 3, lane 5) on two PCR assays. Four of the 22 trigeminal ganglia positive for LAT were also tested for TK transcripts with similar results -that is, no TK transcripts were detected (Fig 3, lane 9) .
In contrast, in acutely infected corneas and trigeminal ganglia LAT, ICPO, and TK transcripts were detectable when the appropriate downstream primer was added during the reverse transcriptase reaction, followed by PCR (Fig 3,  lanes 10, 11, 13-15, 17) . The results of the polymerase chain reaction performed on RNA using upstream and downstream primer without a reverse transcriptase reaction were negative (Fig 3, lanes 12, 16) , implying that contaminating DNA was absent. Reverse transcription and the PCR were also performed on DNA and RNA from mock-infected animals with negative results (data not shown).
Discussion
The reduced frequency of viral detection in nonneuronal tissue,2""27 compared with neuronal tissue, after organ culture raises the question, 'Is this apparent latency genuine?' Other possible explanations exist, namely, that a persistent lowgrade infection is occurring or that a reactivation event has just occurred and requires virus amplification before it can be detected. Under these conditions the possibility also exists that a relatively insensitive assay system for infectious virus may yield a false negative result.
An additional problem with the concept of non-neuronal latency is reconciling the detection of infectious HSV with the detection of genomic HSV in nucleic acid studies. The nucleic acid studies detect HSV DNA at a frequency greater than the detection of infectious HSV from nonneuronal tissue during organ culture. Specifically, in-situ hybridisation studies using HSV probes which encompassed the whole genome detected HSV DNA in 100% (26 eyes) of rabbit corneas up to 60 days post inoculation, yet no infectious HSV was detected from a separate sample of the same corneas after organ culture.29 A further study using HSV probes which encompass the whole genome detected HSV DNA by dot blot hybridisation in 50% (seven of 14 eyes) of human corneas.30 The use of HSV DNA probes which encompass the whole genome does not distinguish between a fragment of HSV DNA and the intact whole genome being retained in the cornea. It is therefore conceivable that the whole genome was not present.
In our experiments TK and ICPO genes were detected by the polymerase chain reaction from the DNA of all ganglia analysed (4/4). The 
